Staircase electrophoresis (SCE) in polyacrilamide gels was used to analyze the stable low-molecular weight (LMW) RNA profiles of several propane and butane oxidizing bacteria belonging to different species and genera. Differences in the number and distribution of the RNA bands in these profiles allowed us to differentiate among them. Congruent results were found between the established classification of these bacteria and results obtained by LMW RNA profiling and moreover, some misclassified strains can be assigned to the correct genus and species using this technique. LMW RNA profiling by staircase electrophoresis, which makes possible the analysis of a large number of strains in a short time, permits rapid identification of hydrocarbon metabolizing species when compared with LMW RNA profiles of reference strains.
Biodegradation of hydrocarbons by natural populations of microorganisms represents one of the primary mechanisms by which petroleum and other hydrocarbon pollutants are elimininated from the environment (LEAHY and COLWELL, 1990) . Chlorinated aliphatic hydrocarbons cause serious environmental problems through contamination of ground water, drinking water and soil. Chloroform used as industrial solvent, can be produced in drinking water as a result of chlorination. Although chloroform has been recognized as a recalcitrant compound, some bacteria have shown their ability to dehalogenate it through aerobic cometabolic processes. KIM et al. (1997) showed that butane and propane were effective cometabolic substrates to drive the transformation of chloroform. Recently, HAMAMURA et al. (1997) have shown that butane-oxidizing bacteria can degrade chlorinated aliphatic hydrocarbons. Butane growing bacteria may have potential in the bioremediation of these compounds.
There are several references in the literature in which both Gram-positive and Gram-negative bacterial strains are reported to utilize gaseous alkanes as carbon substrates (PERRY, 1980; ASHRAF et al., 1994) . In the case of Gram positive bacteria, the ability to oxidize the C2-C4 gaseous alkanes has been described in Gram positive with high G+C content, Pseudonocardia, Nocardia, Mycobacterium and Rhodococcus that are frequently found in enrichment cultures from soil and freshwater samples. Mycobacterium and Rhodococcus spp. are particularly common in enrichments and appear to be ubiquitious in nature (PERRY, 1980; IVSHINA et al., 1981) . Within Gram negative bacteria, Pseudomonas is described as hydrocarbon-metabolizing bacteria (LEAHY and COLWELL, 1990) . Besides, there are some strains that were misclassified when isolated and currently their species affiliation remains unclear.
LMW RNA profiling using staircase electrophoresis (CRUZ-SANCHEZ et al., 1997 ) is a rapid and simple method to characterize and identify microorganisms and can be applied to the study of large bacterial populations (JARABO-LORENZO et al., 2000; PALOMO et al., 2000) . In 0723-2020/01/24/02-290 $ 15.00/0 Abbreviations: LMW RNA -low molecular weight RNA; SCE -Staircase electrophoresis bacterial LMW RNA profiles analysed by staircase electrophoresis three zones can be clearly differentiated: 5S rRNA, class 1 tRNA and class 2 tRNA. Each genus have a different 5S rRNA zone and each species have a different tRNA profile (VELAZQUEZ et al., 1998; PALOMO et al., 2000; VELAZQUEZ et al., 2001) .
The aim of this work was to demonstrate that the analysis of LMW RNA profiles of propane and butane oxidizing species allows the obtaining of fingerprints of them and, in the future, facilitates the identification of isolates in biodiversity studies and detection of new species hydrocarbon metabolizers.
Strains used in this study are shown in Table 1 . Cultures were grown on modified Bennett's and Löwenstein agar at 28 °C for 7 days. The cells were collected in eppendorf tubes and lyophilized during 2h before the RNA extraction.
LMW RNA extraction was done following the technique described by HÖFLE (1988) . LMW RNA profiles were obtained using Staircase Electrophoresis in 15% polyacrylamide gels under denaturing conditions in steps of 10 min, rising through a constant ramp with 50 V increases from 100V to 2300V as reported earlier (CRUZ-SANCHEZ et al., 1997) . The following commerical molecules from Boehringer Manheim and Sigma were used as references: 5S rRNA from Escherichia coli (85 nucleotides), tRNA specific for tyrosine from E. coli (77 nucleotides). Samples were prepared as described previously (CRUZ-SANCHEZ et al., 1997) . After electrophoresis, the gels were silver-stained as described by HAAS et al. (1994) .
The LMW RNA profiles of the species belonging to different genera used in this study, including both Gram positive and Gram negative bacteria, are shown in Figure 1. The three different regions, 5S rRNA zone, class 1 tRNA and class 2 tRNA, could be clearly distinguished in all strains included in this study. Differences at the 5S rRNA level were found in the different genera studied. Genera Mycobacterium (lane 1), Nocardia (lane 2), Rhodococcus (lane 3), Arthrobacter (lane 4), Pseudonocardia (lane 5), Thauera (lane 6) and Pseudomonas (lane 7) displayed characteristic profiles in this zone that allowed us to distinguish them. This is consistent with the current classification of these genera based on 16S rRNA sequencing.
For example, the strain ATCC 15587 of formerly species 'Brevibacterium ketoglutamicum' (Figure 3 , lane 3) has a 5S rRNA zone that coincides with the 5S rRNA zone of the genus Rhodococcus (Figure 1, lane 3) and therefore should be included in this genus. This result is in agreement with the reclassification of this strain using other molecular techniques (SCHLEIFER and KANDLER, 1972; STACKEBRANDT et al., 1980) . Because 5S rRNA zone is identical in all species of the same genus and different in different genera, the 5S rRNA bands are fingerprints of each bacterial genus included in this study and this result coincides with results obtained by other authors (CASAMAYOR et al., 2000) . Figure 1 also shows that tRNA profiles of each bacterial species from different genera included in this study are different. But, at the same time, tRNA profiles of different species from the same genus are different. Figure 2 shows that the tRNA profiles of Pseudonocardia autotrophica (lane 1), Pseudonocardia hydrocarbonoxydans (lane 2) and Pseudonocardia petroleophila (lane 3) are different. This result is in agreement with previous results in other groups of microorganisms (HÖFLE, 1990; VELAZQUEZ et al., 1998; PALOMO et al., 2000; VE-LAZQUEZ et al., 2001) . Figure 2 (lanes 4 and 5) also shows the LMW RNA profile of the strain JOB5 and the LMW RNA profile of type strain of Mycobacterium vaccae. Strain JOB5 was tentatively classified in this species using physiological criteria (PERRY, 1968; VESTAL and PERRY, 1969) . The 5S rRNA zone profiles support the classification of this strain in the genus Mycobacterium, but its tRNA profile indicates that this strain does not belong to species M. vaccae. DNA-DNA hybridization studies are necessary to assign this strain to other species of Mycobacterium or to describe a new species of this genus.
Finally, figure 3 shows the LMW RNA profiles of several strains from Rhodococcus rhodochrous (lanes 1-4) , Pseudonocardia autotrophica (lanes 5 and 6) and Pseudomonas fluorescens (lanes 7-9). This figure shows that different strains of the same species, in Gram negative as well as in Gram positive bacteria, display identical LMW RNA profiles. This result is in agreement with the results obtained in previous works (PALOMO et al., 2000; VE-LAZQUEZ et al., 2001) . Therefore, in the same way that 5S rRNA fingerprints reveal the affiliation of a strain to a genus, tRNA profiles can be used to identify strains at species level and misclassifications can be detected using them. These two points have been already demonstrated in rhizobial species (VE-LAZQUEZ et al., 2001 ) in which we have shown that basing on LMW RNA profiles we can identify an atypical strain nodulating Phaseolus as Sinorhizobium fredii (that normally nodulates soya bean) and we can also reclassify the type strain of former species Rhizobium phaseoli as Rhizobium etli.
In the present work we show that strain TB1 (figure 3, lane 4), which was tentatively classified as Nocardia sp. basing on the presence of mycolic acids and other physiological data ( VAN GINKEL et al., 1987) , should be considered as Rhodococcus rhodochrous (Figure 3 , lane 1) because both 5S rRNA zone and tRNA profiles are identical than in type strain of this species. Also, strain ATCC 15587 of formerly species 'Brevibacterium ketoglutamicum' that should be classified in genus Rhodococcus according to 5S rRNA zone, also displays the same tRNA profile as type strain of Rhodococcus rhodochrous (Figure 3 , lane 1) and therefore this strain should be included in this species.
In conclusion, the results of the present study show that LMW RNA profiles resolved by staircase electrophoresis allow the differentiation among hydrocarbon metabolizing bacteria belonging to very different taxonomical groups and the correct classification of misclassified strains. Also, this technique allows the identification of new isolates in any sample and the detection of new species able to oxidize hydrocarbons.
